Prairie Restoration:
Monitoring and Modeling the Effect on
Infiltration and Storm Runoff
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prairie reconstruction

Nachusa Grassland IL --- 3,000 acres
Midewin Prairie IL --- 19,000 acres

Neal Smith IA --- 5,000 acres

Glacial Ridge Project MN --- 25,000 acres

What are the hydrological
consequences?



Some Key Points:

e Conversion to cropland or other development has
occurred on at least 98% of the original tallgrass prairie
In the Red River Valley

e Our record is not sufficiently long to show clearly the
effect on storm runoff and floods

e Observation, monitoring, and modeling can reveal the
change and point to how prairie restoration in key
watersheds can help mitigate floods



Outline of the presentation:

« Show some evidence that natural prairie stores,
slows, and consumes water before runoff occurs

e Describe results of monitoring soil moisture and
recharge at plot scale

« Use curve numbers and watershed morphology to
predict changes in runoff at watershed scale

* Apply probability analysis to watersheds on a regional
scale
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Flow Rate (cfs)

Red River of the North at Grand Forks
Environmental Flow Components (1904-2006)
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Red River of the North
30-Day Minimum
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Point and Small Plot Scale

* Model - HYDRUS 1D

e Field measurement; Pembina Trail Preserve, Minnesota
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Foxtall

**’*

Bluestem
%

Y Soil moisture sensors
and tensiometers

% Water table piezometer



Photo of bluestem



Photo of foxtall






Bluestem Foxtall

history natural prairie cropped <1939
protected in 1975 through 2002
grazed & hayed
soil series mmmmeeeeee- Sandberg-------------
loamy sand
organic content ig
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similar grain size:
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difference (feet)

How does the water table respond differently at the two sites?
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difference (feet)

How does the water table respond differently at the two sites?
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The onset of heavy rain results in an early rise of the water table in Foxtail,
which is followed by a large and rapid rise at Bluestem
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* difference between Foxtail and Bluestem is decreasing
* suggests that the area seeded in 2001 is beginning to
respond like the natural prairie



Watershed Scale

 Models - curve number

« Example from Glacial Ridge Project — Judicial Ditch 66



Finding Estimated Runoff

(P-Q-1) /S=Q /7 (P-1)

actual retention / potential retention =
actual runoff / potential runoff

Solve for the unknown Q (actual runoff):

Q=(P-1)2/ (P-1+95)

S can be related to land cover and land use through
the curve number CN

S = (1000 / CN) - 10



How much runoff can we expect, based on these
empirical methods?
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Estimating Peak Discharge

0 =0, AQF

where

d, = peak discharge (cfs)

d, = unit peak discharge (cfs per mi2 per in)
A = drainage area (mi?)

Q = runoff (in)

F = wetland storage in the watershed

Needs time of concentration , defined as the time
required for flow to occur from the most distal point in the
watershed to the outlet or discharge point, which is a
function of slope, surface roughness, channel shape, and
flow pattern.
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Rainfall and ET (inches)
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Effect of relative timing on flood peak contribution:
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Scaling Up to a Regional Basin

 Application of Monte Carlo analysis to many watersheds
 Example from Red River of the North basin

 Model results



Grassland restoration can potentially reduce
runoff, but by how much?

* In specific watersheds, models using curve numbers or
distributed modeling can provide estimates.

* What might be the “average” for small watersheds
throughout in a region?

* How much uncertainty can be expected?

* Useful for assessing the effectiveness of a conservation
approach to flood damage reduction



Monte Carlo simulation
randomly selects values for
multiple variables from
probability functions to
evaluate a deterministic

. — model.

/

The method propagates
uncertainty , where the goal
IS to determine how random
variation, lack of knowledge,
or error affects the
sensitivity, performance, or
reliability of the modeled
system.



Model -

Storm runoff based on curve numbers and the
graphic peak discharge method (NRCS TR-55)
Uncertain input parameters -

* curve number (simple triangular or “[3” distribution)
* watershed area (uniform distribution)

* time of concentration (log normal distribution)



GIS analysis - 90m space shuttle DEM & NHD streams
2.5 to 15 square mile basins defined at stream junctions




Features of each watershed are extracted using GIS, and the
Manning equation used to find velocity. Unit peak discharge
(cfs per mi2 per in) can then be estimated.
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Summary -

» Cropland to grassland increases storage both above and below the
surface, by developing

....larger pores

....Increased organic matter

....Increased time of concentration

....less infiltration occurring as recharge

« Conversion leads to a 30-50% reduction in peak runoff, depending on
....crops planted and native species used
....geomorphology of the watershed or basin
....Soils and slopes
...precipitation

» Conversion creates greater biodiversity, mixed habitat, and
Improvements in water quality



Recommendation for Restoration -

- Cropland to grassland conversion can provide flood
damage reduction and water quality improvement

- Some watersheds may provide a larger decrease. To
maximize the benefit:
- target marginal cropland
- trim the peak by restoring prairie in watersheds
that contribute toward the middle of the storm peak
- watersheds with clayey solls provide slightly less
benefit

- Extreme events (>100 year recurrence): differences and
benefits may become negligible



